In a mediterranean climate, the vegetation of embanked salt marshes can vary considerably in time and space to obscure the definition of reference condition for restoration purposes. The aim of our study was to find a basis for defining reference vegetation for the reinstatement of a wetland hydrological regime on abandoned agricultural land. We investigated five reference sites surrounding a 2,668 ha restoration site in the Doñana National Park (southwest Spain).
Introduction
Defining an undamaged or reference condition is fundamental to ecological restoration, as it informs the design of restoration programmes, goal-setting and assessment of eventual success (Clewell & Aronson 2007) . Historical conditions are seldom known adequately (Balaguer et al. 2014 ) and the usual alternative is to study undamaged reference sites that are analogues of a site to be restored (e.g. Onaindia et al. 2001; Garbutt & Wolters 2008; Mossman et al. 2012a; Van Loon-Steensma et al. 2015) . Furthermore, spatially heterogeneous landscapes, unfortunately, may obscure the identification of a good match, and reference sites may themselves change with time, either successionally or through random fluctuation (White & Walker 1997) . The design of large-scale, heterogeneous wetland restorations is inevitably complex (Hughes et al. 2011 ), but analysis of the underlying drivers of spatial and temporal variation should aid the identification of good matches and facilitate the use of multiple reference sites (White & Walker 1997; Weinstein et al. 2001) . In theory, reference and restoration wetland sites would be expected to share the same hydrochemical determinants of spatio-temporal heterogeneity, (Weishar et al. 2005 ) but, in practice, further investigations should be carried out in order to check this presumption.
Little is known about the restoration of coastal salt marshes that lack the short-term pulse-stabilization of tidal inundation, and whose hydrology is therefore dominated by the erratic winter rainfall and strongly seasonal evapotranspiration characteristic of the Mediterranean region (Mitsch & Gosselink 1993) . Short-term studies do not allow us to account for the effects of such temporal variation, or even those of possible successional change, which are superimposed on differences in surface elevation creating hydrological heterogeneity at a range of scales. Therefore, longer and continuous studies are needed to understand whether these drivers of vegetational heterogeneity could define a mosaic of reference states for wetlands. The extensive wetlands of the Doñana National Park (southwest Spain) exemplify these restoration problems well. They are formed over clay basins, so rainfall during the wet season causes floods and surface run-off, but evapotranspiration during the dry season leaves the soils dry and cracked until the next wet season. Harbouring unique biodiversity, they have been designated a World Heritage Site, a Biosphere Reserve and a Ramsar site (García-Novo & Marín 2006) . However, large areas were drained for the production of forage and wheat crops in the 1970s. More recently, agricultural use has ceased and a more natural flooding regime has been reinstated as part of the integrated water regeneration scheme of the Guadalquivir Marshes (Saura et al. 2001) . Within this area, 2,668 ha have been designated for eventual restoration to wetland. Several surrounding saltmarshes had escaped conversion to agriculture and were candidates to be reference sites. Their vegetation consisted of a relatively stable matrix of a few perennial halophytic species, interspersed with many annuals whose relative abundance could vary more locally and from year-to-year. It was not known to what extent these sites, separately or collectively, could represent the restoration potential of Guadalquivir Marshes.
Our aim was to examine multiple reference sites and to establish an approach for the definition of reference conditions in changing, heterogeneous wetland landscapes. The approach was to examine the relationships between their plant communities and surface hydrology/hydrochemistry over a seven-year period that encompassed a range of annual and seasonal fluctuations in rainfall. Specific objectives were: (1) to characterize spatial variation in surface elevation, and inter-annual changes in flooding regime and salinity at the reference sites; (2) to examine spatial distribution and inter-annual variation in the composition of the plant communities at reference sites; (3) to compare changes in the flooding and salinity regimes at the restoration site with those at reference sites; and (4) to assess the extent to which the reference sites, singly or in combination, potentially define dynamic ranges of reference state for the restoration of a mosaic of coastal wetland vegetation.
Methods

Study sites
Doñana marshlands
The marshlands of the Doñana National Park occupy 25,000 ha in the south of the Guadalquivir estuary (Fig. S1 ), originally functioning as its floodplain. Embankment for agricultural land-reclamation in the 20th century virtually removed tidal influence and the capacity for flood-water storage, leaving rainfall as the principal water source that determines flooding pattern throughout most of the Doñana marshes (Díaz-Delgado et al. 2006 ). The Mediterranean climate has reliably hot summers with virtually no rainfall but the remainder of the year is temperate with variable rainfall (average annual rainfall 552 mm; average annual temperature is 17ºC). Although isolated from tidal influence, the marshes remain brackish to saline as a result of seawater intrusion and high evapotranspiration. The largely halophytic vegetation comprises three components: a matrix of perennial, woody species (mainly Amaranthaceae); numerous annual, herbaceous species, dependent on a seed bank and submerged aquatic macrophytes in flooded areas (Rivas-Martínez et al. 1980; Marañón et al. 1989; García et al. 1993; Espinar 2009 ).
The restoration site
Caracoles Estate is situated at the northeast boundary of the Doñana National Park (Fig. S1 ). It was part of the floodplain of the Caño Travieso (hereafter, Travieso), a stream connected to the Guadiamar River, itself a tributary of the Guadalquivir. In the early 1970s, 2,668 ha had been reclaimed for cultivation by the construction of perimeter embankments, excavation of a drainage system and blocking the Travieso stream, which had previously supplied large amounts of water to the marsh. In 2004, work began to reinstate the original water-supply regime, by damming the drainage ditches, partially removing the perimeter embankments (see Fig. S1 ) and re-excavating the original course of the Travieso to a depth of c. 7 cm below previous elevation. The restoration sites thus comprise Caracoles (main area) and Travieso.
Reference sites
Five candidate reference sites surround the restoration site ( Fig. S1 ): Lucio del Cangrejo y Marilópez (hereafter, Cangrejo), circa 1,200 ha; Reserva Biológica del Guadiamar (hereafter, Reserva Guadiamar), 1,300 ha; Entremuros, 500 ha; Huerta Tejada, 50 ha; and El Matochal (hereafter, Matochal), 530 ha. After the restoration works, only Cangrejo and Reserva Guadiamar will be directly connected to the restoration area, as the other sites are still separated from it by embankments. Huerta Tejada had been partially drained for land reclamation but has never been cultivated. Entremuros is a 1-km wide strip, along which the Travieso had been channelled to prevent it flooding Caracoles Estate during the agricultural era.
Plant and soil measurements
A grid of permanent sampling points along transects that spanned both the restoration and the reference sites was established in 2004. They were aggregated in linear groups of nine sampling points at Caracoles Estate but the same pattern was projected into the reference sites (Fig. S1 ). Sampling points were spaced at least 62.5 m apart from each other, At each sampling point in the five reference sites we placed two replicate 2 x 2-m permanent quadrats (one exactly at the point and the other 10 m east of it). We recorded the cover percentage of plant species and bare ground using a six-point Braun-Blanquet coverabundance scale (< 1, 1-5, 5-25, 25-50, 50-75 and 75-100% cover) . Mean scores for the class means of the two quadrats were used in statistical analyses. Recording was carried out annually from 2004 to 2010 during the dry season (June-July). This was at the end of the growing season when cover was highest, most species were represented, conditions were most comparable from year to year, and accessibility was optimal. However, only a third of the points (144) and subsurface (8-10 cm deep) layers. Soil was air-dried under laboratory conditions, crushed and sieved to less than 2 mm. Electrical conductivity (E.C.) and pH were measured in 1:1 (by volume) soil-water mixtures after equilibration over-night.
Elevation, inundation and rainfall
Surface elevation for each sampling point in both Caracoles (main area) and the five 
Data analysis
The vegetation of the study sites was characterized by a structural matrix of a few perennial, mostly shrubby halophytes, with a large number of annual or ephemeral species occupying the interstices. Hierarchical cluster analysis of all species yielded a complex range of communities whose environmental determinants were substantially obscured, probably by the diversity and variability in distribution of the short-lived species. Consequently, cluster analyses were carried out separately for perennial and annual species to define communities of each present across all the reference sites (Vegan 2.0-4 within 'R'; R Core Team 2013).
Bray-Curtis similarity matrices were calculated from log(x+1)-transformed species abundance data, using all the points sampled over seven years, in all five reference sites (n = 1,071).
The taxonomic composition and species abundance of the resulting plant communities were examined by a permutation-based test with a nonparametric one-way analysis of similarity (ANOSIM) to detect significant differences between communities. The relative contribution of each species to site dissimilarities was quantified using similarity percentages analysis (SIMPER), with a cut-off criterion of 90%, to identify subsets of the most important species (Clarke & Warwick 1994) . This was to identify those species that characterize each group and those responsible for discriminating between them. PAST 2.14 (Hammer et al. 2001 ) was used for these analyses.
Changes in vegetation from year to year over the seven years were visualised using non-metric multidimensional scaling (NMDS) ordination plots of the perennial and annual species separately, using 'R'. Transition matrices, representing the probability of a species assemblage in one year being replaced by another the following year, were also computed separately for the perennial and annual assemblages.
The statistical significance of differences in environmental factors between sites and among perennial assemblages was determined using one-way ANOVA or Kruskal-Wallis tests, depending on whether assumptions of normality and homoscedasticity were fulfilled (SPSS 21.0: IBM Corporation 2012). When significant differences were detected, Tukey or Mann-Whitney post-hoc comparisons were performed, as appropriate. Inter-annual differences in environmental factors were tested with repeated measures ANOVA or a Friedman test. When tests were significant, post-hoc pairwise comparisons were made.
Associations between annual and perennial communities were analysed using a contingency table and a chi-square test. The overall relationships between community structure and the environmental variables were examined with the BIO-ENV analytical procedure of Clarke and Ainsworth (1993) , which estimates independent effects where there are multiple collinear relationships. Analyses were carried out separately for perennial and annual species with 15 environmental variables (elevation, surface E.C., subsurface E.C., surface pH, subsurface pH, annual rainfall, autumn, winter, spring and summer rainfalls, annual hydroperiod, and autumn, winter, spring and summer hydroperiods). The procedure gives a correlation coefficient for the dissimilarities between species and the subset of environmental variables whose dissimilarities are best correlated with the species dissimilarities. A Bray-Curtis dissimilarity matrix was used for species and a normalized Euclidean distance matrix for environmental variables. The significance of correlations was determined by Mantel tests. Analyses were carried out using the Vegan package within 'R'.
Results
Abiotic environment
Surface elevation
The range of surface elevation after completion of ground works at the restoration site varied by more than 1.1 m; unsurprisingly, the main area of Caracoles was generally at higher elevation than the re-excavated Travieso (Fig. S2) . Among the references sites, Cangrejo and Reserva Guadiamar had low elevational ranges similar to that of Travieso. Matochal and Huerta Tejada occupied the middle to upper ranges, whereas Entremuros showed the widest range, although over a small area (Fig. S2) . Thus, none of the reference sites individually represented the full elevational range of the restoration site but collectively they were representative.
Hydrology and hydrochemistry
There were consistent differences both between the sites and also from year to year in mean salinity (expressed as E.C.) and annual hydroperiod (Fig. 1) 
Vegetation
Spatial variation
The structural matrix of perennial vegetation included 16 species across all reference sites in the seven-year period of study. Cluster analysis (Table 1a) yielded four main species assemblages that were highly significant (global R, one-way ANOSIM, 0.702, p<0.0001).
The most frequent assemblage was strongly dominated by Arthrocnemum macrostachyum.
The second most abundant was also dominated by A. macrostachyum, in association with
Juncus subulatus and Bolboschoenus maritimus ('Arthrocnemum with helophytes'). A third was strongly dominated by Suaeda vera. The least abundant assemblage was nearly monospecific with Schoenoplectus litoralis. These perennial assemblages were represented differently at the five reference sites (Fig. 2) . Only Cangrejo and Reserva Guadiamar supported the S. litoralis community; these sites, along with Entremuros, also had the only significant areas devoid of perennial vegetation. Most of the samples representing the S. vera community were found at Matochal or Huerta Tejada.
The data for the reference sites collectively showed that the areas occupied by the perennial assemblages could be differentiated by their local environmental conditions. The best model obtained from BIO-ENV analysis for the perennial species, using the 90 samples that included any perennial species, included four environmental variables: elevation, surface E.C., subsurface pH and summer hydroperiod (ρ = 0.502, p<0.001). The Schoenoplectus litoralis assemblage was found consistently at the lowest elevations, where it experienced prolonged flooding and relatively high surface salinities. The Arthrocnemum with helophytes, Arthrocnemum and Suaeda assemblages occupied successively higher ranges of local elevation, with concomitantly shorter flooding periods, and all experienced significantly lower surface salinities (E.C.) than the S. litoralis or bare areas (Fig. 3) . Neither surface nor subsurface pH varied significantly between communities when tested separately (Figs. 3e &   3f ). However, subsurface pH was the last variable to be entered into the BIO-ENV model and only resulted in a slight increase in ρ.
The 69 annual and ephemeral species were clustered into seven assemblages (Table   1b) BIO-ENV analysis of the annual species, using the 80 samples containing any annual species, identified the most significant subset of environmental factors associated with their community structure. The best model included four environmental variables, including two in common with that for the perennial species: elevation, surface E.C., winter hydroperiod and spring hydroperiod (ρ = 0.617, p<0.001).
Some but not all of the annual assemblages were associated with particular perennial ones ( Table 2 ). The S. litoralis community generally lacked annual species, and areas devoid of perennials also tended to lack annuals. The most diverse annual assemblage, dominated by P. coronopus and L. longirostris was strongly associated with the Suaeda perennial assemblage. The Medicago-dominated annual assemblage was associated particularly with Arthrocnemum perennial assemblage. A wider range of annual assemblages was associated with the assemblage dominated by Arthrocnemum with helophytes but the Polypogondominated one was the most prominent.
Temporal variation
As expected, perennial assemblages were relatively stable. Examination of year-toyear transitions of assemblage classification for individual sampling points showed that circa 80% remained the same (Table 3a) . Annual assemblages were more labile, with considerable variation in year-to-year transition probability (Table 3b ). Nevertheless, most of them were more likely to stay the same than change from year to year; exceptions were the Hordeum-dominated assemblage that was most likely to change to the Medicago-Leontodon one, and the Damasonium-dominated assemblage that typically evolved into the PolypogonDamasonium one.
Although there was year-to-year variation in assemblage type at any location, there was little evidence of successional or other directional change. Separate multivariate analyses of perennial and annual species composition by NMDS (Fig. 4) showed that the centroids for neither the assemblages nor the individual reference sites migrated systematically from year to year between 2004 and 2010.
Discussion
In our study, the reference sites were selected mainly for proximity to and potential hydrological connectivity with the restoration site (Weishar et al. 2005) , as well as for their relatively undisturbed history. Nevertheless, the sites differed in their ranges of elevation above sea level and therefore showed consistent differences in the hydrological and hydrochemical characteristics measured. Lower-lying sites exhibited longer annual hydroperiods, mainly depending on rainfall, with difference in elevation of about 80 cm resulting in a difference in annual inundation of up to 200 days. Furthermore higher salinities in the surface layer of soil resulted from evapotranspiration during the dry season and salts leaching from higher areas. Similar diversity in water-table levels among reference sites has also been reported recently in a study of forested wetland restoration (Johnson et al. 2014 ).
These underlying ecohydrological gradients were the rationale for examining the structure and composition of vegetation across all five reference sites in detail. Hierarchical cluster analysis of the relatively few, long-lived, shrubby perennials that comprised the structural matrix of the vegetation revealed four main assemblages. These four perennial assemblages were dominated by Suaeda vera, Arthrocnemum macrostachyum, A. macrostachyum with helophytes and Schoenoplectus litoralis, respectively, and broadly correspond with communities described previously by García-Viñas et al. (2005) for Doñana marshes. Seven physiognomically subordinate assemblages of 69 annual species were also identified independently. Although these were more variable, spatial analyses revealed associations between the annual assemblages and particular perennial assemblages. Such associations probably reflected environmental tolerances common to the two life histories but annuals might also have experienced differential effects of interference from perennials, or in such a severe environment facilitation by them. Arthrocnemum subterminale, a close relative of the most abundant species at our sites (Arthrocnemum macrostachyum) had both kinds of effect on winter annuals in the upper zones of a Californian salt marsh (Callaway 1994). Bare ground was a feature of the mosaic in our reference areas, and annual communities rarely occurred where there were no perennials, a result consistent with facilitation. NMDS ordinations displaying species-composition centroids for the cluster-analysis assemblages showed more coherent and consistent groupings than equivalent centroids for the sites. This supports the idea that differences in vegetation composition between sites were determined largely by hydrological factors (Johnson et al. 2014) . A practical consequence is that the species assemblages derived collectively from the sites should provide a more precise basis for defining reference condition than any derived from individual sites.
The ordination results also characterized changes with time. Although the composition of perennial and annual species in both the sites and their assemblages fluctuated from year to year, there was little evidence of directional change over the seven years. Hence they could serve to define dynamic ranges of reference state, as suggested by Hiers et al. (2012) , a quantitative approach that incorporates the full range of temporal and spatial variation such that restoration targets reflect ecological dynamics, rather than using a singular optimum state. Another approach to a dynamic reference state emerges from the annual transition probabilities between assemblage types at any sampling point. In our study perennial assemblages had high fidelity, as might be expected for long-lived plants but, nevertheless, with a dynamic element mainly dependent on inter-annual fluctuations in hydrology that was also evident in the NMDS ordinations.
As expected, the annual assemblages were more labile, with generally high probabilities of transition from one assemblage to another in the following year. Such changes in the distribution and composition of annual communities would be sensitive to inter-annual differences in hydroperiod as they are largely driven by seasonal fluctuations in rainfall. Rapid responses to changes in water level have been demonstrated in the composition of lake-shore vegetation, associated with annual draw-down of regulated rivers in China (Liu et al. 2006) . Another parallel can be seen in the effects of inter-annual variation in rainfall on the abundance and elevational distribution of annual salt-marsh species in California (Callaway & Sabraw 1994) . In their study, changes seen in response to natural precipitation and experimental watering suggested that increased salinity and water stress affected lower elevational limits, and excess water the upper limits of halophyte communities. In general, however, populations of annual halophytes may recover rapidly after heavy mortality, because their soil seed banks and negatively density-dependent seed production confer high intrinsic rates of population growth (Jefferies et al. 1981 ).
More broadly, the environmental measurements were successful in identifying the hydrochemical drivers of vegetation composition. The hydrochemical influence was evident in the different ranges in elevation, annual hydroperiod and salinity shown by the perennial assemblages, and was confirmed by the significant correlates of the BIO-ENV analysis. (Mossman et al. 2012a (Mossman et al. , 2012b Rupprecht et al. 2015) distribution. In our study, the key difference between tidal marshes and embanked sites was in the dominant periodicity of flooding, which is annual in this part of the Doñana marshlands, rather than semi-diurnal. are promoted, and with no specific reference system' (Hughes et al. 2012 ). However, the approach taken here, of systematically sampling multiple reference sites that collectively encompassed the spatio-temporal environmental heterogeneity of the restoration site, was designed to take account of the necessarily dynamic nature of reference condition (White & Walker 1997) . This is especially important for spatially and temporally highly dynamic ecosystems like saltmarshes. In particular, the use of LIDAR digital terrain modelling (Blott & Pye 2004) and satellite imagery enabled prediction of hydroperiod within a narrow range of elevation. Such a hydrologically-based strategy could be applicable to the problems of vegetation restoration in other large heterogeneous wetlands (Hughes et al. 2011) .
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